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Abstract. LOTIS (Livermore Optical Transient Imaging System) and Super-LOTIS are
automatic telescope systems that measure very prompt optical emission occurring within
seconds of the gamma-ray energy release during a Gamma Ray Burst (GRB). Unlike hour-to-
days delayed afterglow measurements, very early measurements will contain information about
the GRB progenitor. To accomplish this, we developed and have been operating automated
telescopes that rapidly image GRB coordinate error boxes in response to triggers distributed by
the GRB Coordinate Distribution Network (GCN). LOTIS, located in California, consists of 4
cameras each with a different astronomical filter (B, V, R, open) that can respond to GRB
triggers within 5 s, Super-LOTIS can point to any part of the sky within 30 s upon receipt of a
GCN trigger and its sensitivity is as deep as V=17~19 depending on the integration times. Since
the shutdown of the CGRO, there has been no real-time GRB triggers that enable the LOTIS
systems to measure real-time GRB counterpart fluxes as of May 2001. This paper describes
performance of these systems. We also present our plan to replace the current optical CCD
camera on the Super-LOTIS to a near infrared camera to be able to probe dusty GRB
environment.

INTRODUCTION

The dramatic breakthrough in our understanding of GRBs occurred when the high
resolution X-ray detector on the Beppo/SAX satellite was able to determine the
position of a GRB with sufficient accuracy to enable a large telescope to observe a
faint, fading afterglow days later. Optical and radio afterglows now have been
observed for many GRBs during the last two years. These long-lasting but faint
afterglows have been successfully explained in the “fireball models™ as the result of
the synchrotron interaction with surrounding material'.

However, prompt counterparts associated with GRBs are rare. Rapidly slewing and
automatic telescopes such as LOTIS? and ROTSE? have been operating to catch early
glimpse of the GRBs detected by the BATSE instrument. After running these
telescopes for many years recording real-time images of the GRB error boxes, only



one event (GRB990123) has been detected simultaneously with a GRB. But this event
was unusual in terms of its total X-ray fluence, peak flux and spectrum®. Unlike the
observed later-time afterglows, prompt optical measurements (or even stringent
constraints on that optical emission) would provide information about the GRB
progenitors. In order to detect many more prompt counterparts, we are currently
operating two instruments, LOTIS and Super-LOTIS, connected to the Coordinate
Distribution by the current and future satellites such as the HETE-2, Rossi-XTE,
INTEGRAL, and Swift missions.

SUPER-LOTIS

The Super-LOTIS telescope is a Boller & Chivens 0.6 m /3.5 reflector telescope. It
has superb optical quality and is equipped with computer controllable drives. Its focal
array is a Loral 2048 x 2048 pixel 15 x 15 pm/pixel CCD cooled to —-30°C with
custom-built readout electronics. This focal plane array is placed at the primary focus
of the mirror with a coma corrector yielding 0.84 x 0.84° field of view. Super-LOTIS
began operation in October 2000 at Kitt Peak National Observatory in Arizona. Figure
1 shows its operation inside a roll-off roof housing.

FIGURE 1. Super-LOTIS in operation. 1t is housed in a building with a roll-off roof and is fully
automated.

Since there were no real-time GRB triggers available until the end of May, 2001,
Super-LOTIS has been responding to Beppo/SAX and IPN GRB triggers that usually
come many hours after the burst. After this delay, the relativistic shock wave from the
GRB has interacted with the interstellar medium producing an afterglow that decays as
a power-low. Super-LOTIS imaged one of these afterglows, GRB010222, on Feb. 23,
2001. The image was taken 23.6 hours after the burst and the brightness of the
afterglow was R=20.0. The Super-LOTIS image of this afterglow is shown in Figure
2. When it is not imaging the GRB fields, it systematically searches for many other
classes of transient objects, such as novae and supernovae. It will also monitor long-
and short-period stellar variability.



FIGURE 2. Super-LOTIS response to GRB010222.

LOTIS

The LOTIS was originally constructed to respond rapidly to real-time GRB triggers
provided by the BATSE which had a 1-c error of 2~10°. It utilizes commercially
available Canon /1.8 with a 200 mm focal length lenses. With a 2048 x 2048 pixel 15
x 15 pm/pixel CCD array, one camera images 8.8 x 8.8° field-of-view. The mount can
point any part of the sky within 5 s after it receives a trigger. We have a 2 x 2 array of
such cameras originally configured to have 17.4 x 17.4° field-of-view for BATSE
triggers. Results from LOTIS have been published’. Recently we collapsed the angular
offsets of this system to have all 4 cameras view the same patch of the sky but each
with a different astronomical filter, R, V, B or clear filter, for simultaneous color
imaging of a GRB counterpart. Its sensitivity is mag~13 to 15 depending on the
integration times, weather and filter types. LOTIS is located at a LLNL’s test facility,
25 miles east of Livermore, California. The system is fully automated to respond the
HETE-2 triggers and is operating every night when the weather permits.

LITE

The LITE (Livermore Infrared Transient Experiment) is our planned upgrade
system for the Super-LOTIS. Measured GRB distance scales, recent conjecture of
their star-forming environment and theoretical arguments of their high red-shifts®
suggest that the optical signal may be obscured compared to the infrared signals. In
addition, all the future planned GRB missions lack coverage of the infrared signals
from a GRB. In order to fill this gap, we plan to upgrade the Super-LOTIS by
replacing the current optical CCD camera with an infrared camera. We will install a
f/2 secondary mirror in place of the current coma corrector and a HgCdTe 512 x 512



pixel camera for the focal plane array with a filter wheel equipped with J, H and K
filters. This system will have 6.7 x 6.7 arcmin field-of-view well-matched to the Swift
error box of 4 arcmin. Its expected sensitivity and prompt response capability will be
the same as the Super-LOTIS system.

SUMMARY

Table 1 summarizes the parameters for the automatic telescopes discussed in this
paper. Prompt optical and infrared counterparts of the GRB will provide important
clues to understanding of the GRB progenitors. With our current operating LOTIS and
Super-LOTIS and planned LITE systems connected to the real-time GRB triggers
from the space-borne GRB detectors, we will measure many early-time optical and
infrared fluxes associated with the GRBs.

TABLE 1. LOTIS System Parameters.

Instrument Super-LOTIS LOTIS LITE
Aperture Diameter 0.6 m 0.11 m 0.6 m
Optics Speed /3.5 /1.8 /8
Imaging Sensor 2048 x 2048 CCD 4 0f 2048 x 2048 CCD 512 x 512 HgCdTe
Field-of-View 0.84 x 0.84° 8.8 x 8.8° 6.7 x 6.7 arcmin
Resolution 1.5 arcsec/pixel 15 arcsec/pixel 0.78 arcsec/pixel
Sensitivity R~17 (5 s integration)  V~14 (10 s integration) J~17
Filters B, V, R, clear B, V, R, clear J,H, K
Response time <30s <S5s <30s
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